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A B S T R A C T
Cattle activity greatly inﬂuences plant species composition and biomass production of grassland
ecosystems. Dung deposition by cattle together with grazing and trampling can be considered as one of
the important factors driving vegetation dynamics in pastures. The objective of this study was to
investigate at 10-cm and 1-month resolution the plant community dynamics induced by dung
deposition in two plant communities (a mesotrophic and an oligotrophic grassland) in a pasture of the
Swiss Jura Mountains. Vegetation was sampled four or three times during the vegetation period in
contiguous 10 cm  10 cm quadrats from the centre of the dung pat to a distance of 60 cm. A lower
grazing intensity near the dung pat was recorded for all observation periods. In the mesotrophic
grassland the canopy was higher near the dung pat already one week after dung deposition. Vegetation
around dung pats was submitted to two opposite fertilizing and grazing gradients, which induced
changes in vegetation texture and structure at ﬁne scale and short term. We observed a positive rank
correlation between species turnover and distance to the dung for both communities, suggesting a
seasonal stabilizing effect of dung on the plant composition of their direct surroundings (0–10 cm) likely
due to cattle avoidance. Since dung pats are dropped every year in different locations, they create in the
pasture a shifting mosaic of nutrient availability and grazing intensity inducing at seasonal scale micro-
successions in plant communities.
 2009 Elsevier B.V. All rights reserved.
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Cattle activity greatly inﬂuences plant species composition and
biomass production of grassland ecosystems (Olff and Ritchie,
1998; Olff et al., 1999; Bakker et al., 2004; Guretzky et al., 2007).
Together with grazing and trampling, dung deposition by cattle
can be considered as one of the most important factors explaining
vegetation structure in pastures (Kohler et al., 2004a). Following a
hierarchical approach of vegetation dynamics in pastures (Gillet,
2008), the effect of dung deposition can be observed ormodelled at
different spatial and temporal scales (Buttler et al., 2008). At large
scale (100–1000 m), dung density differs among paddocks due to
differences in stocking rate and range management. At medium
scale (10–100 m), the spatial patterning of dung pat density is
generally heterogeneous inside a paddock, especially for a large* Corresponding author. Present address: Universite´ de Franche-Comte´, CNRS,
UMR 6249 Chrono-environnement, 16 Route de Gray, 25030 Besanc¸on Cedex,
France.
E-mail address: francois.gillet@univ-fcomte.fr (F. Gillet).
0167-8809/$ – see front matter  2009 Elsevier B.V. All rights reserved.
doi:10.1016/j.agee.2009.08.006paddock with various habitats and low stocking rate (White et al.,
2001; Jewell et al., 2005; Kohler et al., 2006). In case this spatial
pattern persists over years, it can lead to a redistribution of
nutrients over the paddock, which in turn can induce a directional
drift in plant succession (Jewell et al., 2007). At ﬁne scale (0.1–
10 m) and short term (one season) the patchiness of dung
deposition has a direct impact on local vegetation dynamics by
altering biotic interactions and nutrient availability. This small-
scale seasonal effect of dung deposition on vegetation structure
and dynamics in grazed pastures has been poorly studied and is the
subject of the present paper.
Each cow (adult bovine unit) produces about 10–15 dung pats
per day, each covering an area of approximately 0.05 m2 (Marsh
and Campling, 1970; MacDiarmid and Watkin, 1972). A fresh pat
contains high nutrient contents, such as 1040 kg N ha1,
400 kg K ha1, 280 kg P ha1 and 100 kg S ha1 (Haynes and
Williams, 1993). A cattle dung pat is completely decomposed in
a time span from a fewweeks to several years, depending on water
content, climatic conditions, season and activity of the soil fauna
(Marsh and Campling, 1970; Dickinson and Craig, 1990). Dung
deposition has an important effect on the chemical status of the
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volatilization (MacDiarmid and Watkin, 1972), dung deposition
represents a potential source of available nutrients for plants
(Shepherd et al., 2000; Aarons et al., 2004). A higher concentration
of available soil N and P and exchangeable K was detected up to
15 cm around the dung pats (MacDiarmid and Watkin, 1972;
Deenen and Middelkoop, 1992). Twelve months after dung
application, Williams and Haynes (1995) observed that soil
organic C, nitrate and phosphate were still higher under dung
pats than in control plots. Some residual effect on organic C was
still evident three years after cattle dung deposition.
Dung deposition has also an impact on the grazing behaviour by
creating avoidance areas around deposited dung pats. Cattle tend
to avoid grazing in the immediate vicinity of dung pats, in a way
that a fringe of 10–20 cm of tall herbage surrounds rapidly the
fresh dung pats and this exclusion effect persists until the pat has
largely disappeared (Edwards and Hollis, 1982). Weeda (1967)
found that herbage at the dung pat was usually 3–5 cmhigher than
herbage of the surrounding pasture. Large domestic and wild
herbivores avoid the intake of food contaminatedwith faeces (Moe
and Wegge, 2008), but animals may also graze preferentially on
areas previously fertilised with urine (Jaramillo and Detling, 1992;
Steinauer and Collins, 2001). Animal response to dung-affected
pasture has been explained in terms of a trade-off between food
intake and risk of parasite infection (Hutchings et al., 1999). The
avoidance effect might be compensated through space and time
scales, so that small-scale events have the potential to impact
large-scale patch structure (Steinauer and Collins, 2001).
The combined effect of dung deposition, grazing avoidance and
nutrient enrichment will have a direct effect on ﬁne-scale
vegetation structure and dynamics. Initially dung deposition is
detrimental to herbage growth, because of smothering. The
affected above-ground parts of most plants die most likely from
a lack of light, being covered for several weeks by the dung pat
(Williams and Haynes, 1995). This initial smothering is compen-
sated by an increased plant growth around the dung pat till 40 cm
from its edge (MacDiarmid and Watkin, 1971; Borghesio et al.,
1999). Plant species differ in their relative uptake-rate of dung N.
Jørgensen and Jensen (1997) found that mineralised dung N was
primarily taken up by grass in grass-legume mixtures. The
increased plant growth and differential dung N-uptake, combined
with cattle avoidance of pat surroundings is likely to inﬂuence
plant species assemblages (Marsh and Campling, 1970). Further-
more, many authors showed the importance of dung for seed
dispersal, germination and soil seed bank composition, which may
also induce changes in vegetation composition (Welch, 1985;
Akbar et al., 1995; Malo and Suarez, 1995; Dai, 2000; Bakker and
Olff, 2003). Indeed Dai (1998) showed that the patch size of some
plant species in alvar limestone grassland were similar to the
average size of cattle dung pats, suggesting a correlation between
species development and dung pats. However, studies on the effect
of dung deposition on vegetation dynamics at a very ﬁne spatial
and temporal scale have not been documented so far.
The aim of our observational study was to investigate the time
course and outcome of vegetation response to dung deposition
involving complex interactions in space and time among various
ﬁne-scale ecosystem processes, such as nutrient release, immigra-
tion from seed input, plant growth, competition for light and
herbage removal by cattle. This vegetation response was mon-
itored in two typical plant community types of mountain pastures
in order to detect changes in community texture (species
composition and dominance, species richness and evenness) and
structure (vegetation height, patch formation, species turnover) in
space (distance to the centre of the dung pat) and time (time
elapsed from the dunging event). We measured the spatial and
temporal extent of the avoidance area around individual dung patsby considering vegetation height and grazing intensity. It was
hypothesized that (1) dung deposition would induce a decreasing
gradient of species richness (due to disturbance and immigration
effects) and an increasing gradient of evenness (due to the
competition effect following nutrient release and cattle avoidance)
when one moves away from the dung pat; (2) changes in abiotic
and biotic conditions would affect plant species composition so
that species turnover would be stimulated in the vicinity of the
dung pats; (3) the variation in species composition explained by
the distance to the dung pat would be lower in the less productive
community type, since preliminary personal observations have
suggested that stress-tolerating grasslands on dry calcareous soils
were less affected by fertilisation and grazing than other
vegetation types.
2. Materials and methods
2.1. Study site
This study was conducted in the Jura Mountains of north-
western Switzerland. The study site is located in La Me´tairie
d’E´vilard (Orvin BE, 478090N, 78100W) at an altitude of about
1200 m a.s.l. The climate is predominantly temperate oceanic, with
mean annual rainfall of about 1600 mm (including more than
400 mm snowprecipitation) andmean annual temperature of 7 8C.
The ground is coveredwith snow fromNovember to April. The area
contains a great diversity of habitats, from open grassland to forest
patches, with ﬂat or sloping ground on a heterogeneous soil mosaic
(Leptosols, Cambisols, Luvisols; taxonomy after Deckers et al.,
1998). This landscape is the result of a long history of silvopastoral
management. The currentmanagement is extensive (relatively low
stocking rate and low fertilization) with a rotational grazing
system. During the observation period from June to September
2001, 120 heifers (49.2 Adult Bovine Units, 29,520 kg live-weight)
stayed three times (rotations) in the two paddocks of about 25 ha
each. Each rotation lasted approximately 15 days. The herd was a
mix of Holstein and Swiss brown breeds.
2.2. Sampling design and measurements
Two typical and well represented plant communities, com-
posed almost completely of perennial species building the mosaic
of the herb layer,were chosen in two different paddocks. In the ﬁrst
paddock, the plant community appears widespread in open ﬂat
areas on soils of about 20 cm depth, developed on a mixed loess-
limestone substrate, with a pH close to 5. This relatively productive
communitywas a grazedmesotrophic grassland (MG in this paper)
dominated by Festuca nigrescens, Ranunculus acris ssp. friesianus
and Trifolium repens (nomenclature follows Tutin et al. (1964–
1980)). In the second paddock, the plant community also occurs in
open ﬂat areas but on shallow and nutrient-poor calcareous soils of
about 5 cm depth and with a pH around 6.5. This grazed
oligotrophic limestone grassland (OG in this paper) was dominated
by Sanguisorba minor, Plantago media and Plantago lanceolata.
In each plant community, we randomly selected 10 fresh dung
pats one week after cattle came into the paddock for the ﬁrst time
of the year. Because the two vegetation types were not in the same
paddock and cattle not in both paddocks at the same time, the dung
pats in MG were selected at the beginning of June and those in OG
at the beginning of July. The selected dung pats were recorded four
times in MG (1, 5, 9 and 14 weeks after dung deposition) and three
times in OG (1, 7 and 12 weeks after dung deposition). Only ﬁve
dung pats in MG and six in OG could be monitored throughout the
full season. The other pats were lost due to cattle trampling or
because new dung pats were dropped on or very close to the
monitored dung pats.
F. Gillet et al. / Agriculture, Ecosystems and Environment 135 (2010) 34–4136To monitor the vegetation at a spatial resolution of 0.01 m2, we
usedacross-shaped framewith fourarmsof6squarecells eachanda
cluster of 9 cells in the centre (Fig. 1). The 33-cell framewas centred
on the dung pat before the ﬁrst observation period with a random
orientation of the arms. The device, once oriented for the ﬁrst time,
was re-installed in exactly the same place in the consecutive ﬁeld
sessions thanks to permanent plastic tubes sunk 2 cmbelow ground
level to avoid any interferencewith cattle behaviour. Because of the
highly dense vegetation, the frame was installed just before each
observation period at 0.15 m above the ground.
The relative area occupied by the dung pat (dung cover) was
estimated inside each central cell of the frame.We recorded in each
cell and at every observation period the exhaustive list of species
present and estimated for each species the absolute cover with
Braun–Blanquet’s dominance code (from 1 to 5) and themaximum
height of vegetative parts with a 5-cm class index. Additionally, we
noted for every species in every cell if it was grazed or not. This
rough binary index appeared to be a good compromise between
precision and efﬁciency. All observations were made carefully by
the same observer so that we can assume that observer impact was
the same for all observations across space and time.
It was impossible to describe initial vegetation of experimental
plots before the treatment because the location for dung
deposition was unpredictable. However, it is very unlikely that
the patterns observed across the four arms around several dung
pats would be due to a common structure occurring prior to dung
deposition. Moreover, terminal cells at 50–60 cm from the dung
pat can be considered as control since vegetation is not likely to be
inﬂuenced by this dung at such distance.
To allow comparison between observation periods, only dung
pats recorded throughout the full season were retained for the
analyses. This resulted for MG in 5 dung pats  4 observation
periods  33 cells = 660 cell records, and for OG in 6 dung pats  3
observation periods  33 cells = 594 cell records.
2.3. Data transformations
The semi-quantitative index of vegetation height was trans-
formed into a quantitative variable by taking the median of each
class (1: 2.5 cm; 2: 7.5 cm; 3: 12.5 cm; and so on). We calculatedFig. 1. Sketch of the cross-grid sampling frame. Cells in the grid were
10 cm  10 cm. Numbers represent distance classes.for each observation period an average canopy height per cell, by
weighting the height by the relative cover of the corresponding
species.
The Braun–Blanquet’s dominance codes recorded for each
species were ﬁrst transformed into median percentage cover (1:
3%; 2: 14%; 3: 32%; 4: 57% and 5: 90%) to get proportional species
dominances that could be summed or averaged among cells. We
calculated for each cell at each observation period the ratio
between the total percentage cover of the species that were noted
as being grazed and the total cover of all species. This ratio was
used as a surrogate of the grazing intensity.
We computed for each observation period in each cell the
species richness and the species evenness, calculated as the Hill’s
ratio between inverse Simpson’s diversity index N2 and species
richness N0 (Hill, 1973; Peet, 1974; Gillet et al., 1999). The
temporal species turnover between two successive observations in
each cell was calculated by the Jaccard distance (1-Jaccard
similarity) on presence–absence data.
For further analyses, we pooled the data by cell distances to the
dung pats, resulting in seven distance classes: 0: on the dung pat;
1: 0–10 cm; 2: 10–20 cm; 3: 20–30 cm; 4: 30–40 cm; 5: 40–50 cm;
6: 50–60 cm (Fig. 1). We calculated for each dung pat and each
response variable (species dominance, canopy height, grazing
intensity, species richness, species evenness and species turnover)
the average value of the 9 central cells, and for each distance class
the average value over the four arms of the cross. Therefore, we
obtained one value per distance class for each recorded dung pat,
giving 7 different values per dung pat at each sampling date for
every aggregated variable, which have been used in the following
statistical analyses to test our hypotheses.
2.4. Statistical analyses
To measure the effect of the dung pat on the aggregated
variables (hypotheses 1 and 2), we calculated for each observation
period the Spearman’s rank correlation coefﬁcient between each
variable (except species dominance used in the multivariate
analyses) and the distance to the dung pat. For these correlations,
the values calculated for the centre of the cross were omitted.
These correlations were then computed from 30 records for MG (5
dung pats  6 distance classes) and from 36 records for OG (6 dung
pats  6 distance classes). To account for differences among
sampling units around dung pats due to the intrinsic variability
and heterogeneity of the plant community, correlations were not
directly done on raw data but on the residuals of a simple linear
regression on dung pat label as a qualitative explanatory variable
(considered as a block).
Partial redundancy analysis (RDA) was used to analyse for each
observation period the multivariate species response to the
distance to the dung pat, that is a single quantitative explanatory
variable ranging from 1 to 6 (hypothesis 3). Hellinger transforma-
tion (Legendre and Gallagher, 2001) was applied to the response
speciesmatrixwith aggregated dominance. As for Spearman’s rank
correlations, central cells were excluded and variation explained
by sampling blocks was removed by using dung pat label as
covariable. Since the multivariate response was constrained by a
unique explanatory variable, the ﬁrst axis was the only canonical
axis and its eigenvalue was used to extract the variation explained
by the distance to the dung (constrained variation) after
accounting for the variation due to differences among blocks
(conditioned variation). As the vector of the explanatory variable is
positively correlated to the ﬁrst axis (r = 1), species scores along
this axis can be interpreted as their global response to the distance
gradient. To test the signiﬁcance of the RDA model, Monte Carlo
permutation test was performed by permuting records freely
within each block (999 permutations).
Fig. 2.Mean dung pat cover development in the 9 central cells. Segments represent
standard error of the mean. Diamonds: MG; squares: OG.
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Development Core Team, 2008).
3. Results
3.1. Changes in dung cover
The dung pats occupied half of the 9 central cells at the ﬁrst
sampling date (Fig. 2). The dung cover decreased over time and this
decrease was faster in MG where the dung had almost completely
disappeared after 14 weeks.
3.2. Canopy height and grazing intensity
In MG, vegetation was already at the ﬁrst observation higher
near the dung pats (Table 1). The effect increased during the
following months. In OG, we observed the same pattern except for
the ﬁrst observation. At ﬁnal sampling, the tallest vegetation was
found near the edge of the dung pat and vegetation size decreased
linearly up to 50 cm distance in MG and up to 40 cm in OG where
vegetation was lower (Fig. 3a). Further away vegetation height did
not change anymore. The maximum difference in mean vegetation
height was about 3.5 cm in MG and about 1 cm in OG.
There was a signiﬁcant positive correlation between grazing
intensity and distance for all sampling dates in both plant
communities (Table 1): the further away from the dung pat, the
more vegetation cover revealed traces of grazing. At the lastTable 1
Spearman rank correlation betweenmean canopy height, grazing intensity, species richn
Canopy height Grazing intensity
MG OG MG OG
+1 week 0.474** 0.027 0.371* 0.3
+5–7 weeks 0.432* 0.692*** 0.649** 0.7
+9–12 weeks 0.441* 0.730*** –a 0.8
+14 weeks 0.829** – 0.824*** –
a There were no cattle in the paddock between weeks 5 and 9 in MG.
* P<0.05.
** P<0.01.
*** P<0.001.
P<0.1.observation grazing intensity showed a clear increase up to 50 cm
away from the dung pat in MG (Fig. 3b). In OG, the transition was
more abrupt at about 30 cmdistance from the pat and the intensity
of grazing was strongly lower than in MG.
3.3. Species diversity and species turnover
A total of 33 species were observed in MG and 38 in OG. The
average number of species per cell was 7.1 (SD = 1.6; max. = 13) in
MG and 9.8 (SD = 2.1; max. = 16) in OG. Correlations between
species richness, evenness or temporal turnover and the distance
to the dung pat are presented in Tables 1 and 2. For the two ﬁrst
observations, there was a tendency in MG to harbour more species
near the dung. The correlation was signiﬁcant in OG at the ﬁrst
observation. This pattern disappeared during the season (Fig. 3c).
For the evenness we found a negative correlation at the fourth
sampling date in MG (Fig. 3d). There were no signiﬁcant
correlations in OG.
Vegetation dynamics were higher afar from the dung pat as all
correlations were positive and signiﬁcant for species turnover
(Table 2). The turnover values between the ﬁrst and the last
observation along the distance gradient are presented in Fig. 3e.
The pattern was similar in both plant communities. Turnover was
high on the dung pat and lowest at a distance of 0–10 cm. After this
drop turnover increased further away in MG, and a similar but
weaker trend appeared in OG.
3.4. Compositional gradients around the dung pat
The distance to the dung pat signiﬁcantly explained the
variation in the species assemblage data matrix from the second
observation inMG (after 5weeks) and OG (after 7weeks) (Table 3).
Explained variation was lower in OG and increased slowly over
time. The position of each species along the ﬁrst axis of the RDA for
each signiﬁcant observation period is presented in Fig. 4. Because
we used only one explanatory variable in the RDA model, the
species scores along the ﬁrst axis represent the ﬂoristic gradient
explained by the distance to the dung. ForMG,we observed that for
some species the position along the ﬁrst axis changed over time.
Nevertheless, some species showed a stable pattern throughout
the season. F. nigrescens, Thymus pulegioides and Trifolium pratense
were always more abundant far from the dung pat. In contrast,
Rumex acetosa, Crepis mollis, T. repens and P. lanceolata were more
abundant near the dung pat. In OG, T. pulegioides was also less
abundant near the dung whereas P. lanceolata, C. mollis and R.
acetosa became also more abundant after 12 weeks.
In MG, an average of 1.6 species (SE = 1.1; max. = 6; min. = 0),
whichwerenever observed in the four related arms (24 cells) during
the season, appeared at least once in the 9 central cells. After
grouping all central areas, only one species (Avenula pubescens) was
found in these central areas but not around the dung pats (all arms
together). In OG, an average of 1.2 species (SE = 0.4; max. = 2;ess or species evenness and distance to the dung pat.N=30 forMG andN=36 for OG.
Species richness Species evenness
MG OG MG OG
53* 0.349 0.556*** 0.094 0.122
73*** 0.320 0.065 0.249 0.092
22*** 0.144 0.073 0.351 0.238
0.085 – 0.533** –
Fig. 3. (a) Mean canopy height, (b) grazing intensity, (c) species richness, (d) species evenness and (e) temporal species turnover (in reference to the ﬁrst observation), in
relation to distance to the dung pat for the last observation: 14 weeks after dung deposition for MG and 12 weeks for OG. Segments represent standard error of the mean.
Diamonds: MG; squares: OG.
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arms.Whenwe compared all central areas togetherwith all records
made in the arms, only one species (T. repens) was recorded only on
or in the direct vicinity of the dung pat.
4. Discussion
Combining our results with previous studies, we can deﬁne four
zones that are induced by the deposition of a dung pat: (1) the dungTable 2
Spearman rank correlation between species turnover and the distance to the dung
pat. N=30 for MG and N=36 for OG.
Species turnover
MG OG
Between weeks 1 and 5–7 0.396* 0.424*
Between weeks 5–7 and 9–12 0.369* 0.478**
Between weeks 9 and 14 0.427* –
Between weeks 1 and 12–14 0.576** 0.438**
* P<0.05.
** P<0.01.
Table 3
Variation in species composition explained by the distance to the dung pat after
partial RDA on the Hellinger-transformed species matrix. P: P-value of Monte Carlo
permutation test with 999 permutations (permutationswere restrictedwithin each
sampling block). Axis 1 of each signiﬁcant observation is presented in Fig. 4.
MG OG
Constrained
variation (%)
P Constrained
variation (%)
P
+1 week 2.0 0.327 2.5 0.138
+5–7 weeks 7.0 0.001 2.7 0.031
+9–12 weeks 3.2 0.021 3.2 0.016
+14 weeks 3.2 0.001 – –itself, which creates a gap after destroying the above-ground plant
biomass, (2) the ﬁrst 10 cm around the pat, where the vegetation is
not grazed (Fig. 3) but fertilized (MacDiarmid and Watkin, 1972),
(3) between 20 and 30 cm, a zone with low grazing rates and
probably low fertilization (Deenen and Middelkoop, 1992) and (4)
beyond 40 cm, a zone which is no longer inﬂuenced by the dung
pat. In our study, the gradient of grazing intensity parallel to
distance from the dung pat was already detected one week after
deposition. Moreover, the increasing positive correlations during
following observations (Table 1) were probably due to a
cumulative grazing effect. The patterns of grazing intensity and
vegetation height along the distance gradient were similar in both
mesotrophic and oligotrophic limestone grassland type, although
less perceptible in OG (Fig. 2). This indicates that our outcome
depended on the dung pats and not on the vegetation texture or
structure. Marsh and Campling (1970) suggested that the
avoidance of herbage around the dung pat is related to the smell
of the dung and thus independent of the vegetation type. The
difference between both plant communities was the rapidity of
reaction, which was slower in OG than in MG (Table 1). This was
most likely due to a higher proportion of species of the oligotrophic
habitat which are less efﬁcient in responding quickly to increased
nutrient availability (Chapin et al., 1986).
The vegetation around dung pats was indeed submitted to two
opposite nutrient and grazing intensity gradients, which induced
changes in the vegetation texture at ﬁne scale and short term. We
observed an elevated number of species near the dung pat as
compared to further away at the ﬁrst observation in both
vegetation types and at the second observation in MG (Table 1).
This effect disappeared during the season indicating a transient
increase of species number. The combination of low vegetation
height and density at the beginning of the season and the lack of
grazing activity very close to the dung pat likely induced
favourable conditions for many species to develop and thus a
Fig. 4. First axis of RDA computed for each observation period separately on vegetation records constrained by the distance to the dung pat after accounting for the block
effect. Species with positive score along the ﬁrst axis are positively correlated with the distance to the dung pat. Only signiﬁcant observation periods (see Table 3) are shown.
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survive when canopy height increased due to enhanced competi-
tion for light. Thus, the slightly higher diversity near the dung will
likely only last for a short period. In MG, the evenness was higher
near the dung pat at the third and fourth observations (Fig. 3d).
This surprising result indicates that higher nutrient supply and
grazing abandonment did not, on the seasonal scale, favour
exclusively a few dominating species, contrary to our ﬁrst
hypothesis.
Contrary to our expectations (hypothesis 2), the turnover rates
were always signiﬁcantly lower near the dung pat in both
vegetation types (Table 2 and Fig. 3). On the dung pat we observed
a high turnover which may be explained by recolonization of the
gap after suppression of the above-ground biomass. However, the
low turnover directly beside the dung suggests that dung pats have
at short term a stabilising effect on plant composition of their
direct surroundings (0–10 cm). The disappearance of the grazing
disturbance in this area might explain this observation. The higher
turnover further away from the dung pats at this small scale is a
characteristic feature of grasslands (Van der Maarel and Sykes,
1993; Otsus and Zobel, 2002). Moreover, as reported for the same
communities by Kohler et al. (2004b), OG had an overall lower
turnover thanMG. This could be due to the fact that the vegetationin OG grows under low soil nutrient availability and in relatively
dry conditions leading to a lower growth rate.
In accordance with our hypothesis 3, ﬂoristic composition
varied signiﬁcantly along the distance gradient from the second
observation period in both communities but the variation
explained was lower in the less productive community OG
(Table 3 and Fig. 4). The constrained variation explained by
distance (ranging from 2.0 to 7.0%) was however very low as
compared to the conditioned variation explained by the block
effect (ranging from 44.8 to 68.2%), meaning that other factors
that were not included in the model could better explain the
variation in the datamatrix. Nevertheless, our aimwas tomeasure
the impact of dung deposition and not to describe all factors
inﬂuencing vegetation composition at this ﬁne scale. In MG, after
14 weeks, tall forb and grass species characteristic of eutrophic
mown meadows (R. acetosa, C. mollis, Trisetum ﬂavescens), which
are strong competitors, were more abundant near the dung pat.
Further away from the dung, short forb species indicating
oligotrophic conditions such as T. pulegioides or P. media, which
are weak competitors, were found together with the regular
dominant species of the community F. nigrescens and Alchemilla
monticola. Close to the dung pat, the fertilizing effect of
dung decomposition combined with grazing avoidance favours
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stress-tolerant or perturbation-resistant strategists (Grime,
2001). In an experimental study carried out by Kohler et al.
(2004a) at the same time scale similar effects were observed on
plots fertilized or mowed twice a month. This species segregation
was less clear in OG, probably because of the slower dynamics of
this community. This ﬁnding could seem peculiar, since the
fertilizing impact could be expected to be more pronounced in
oligotrophic circumstances. However, this expectation is prob-
ably true for acidophilous grasslands, which are very sensitive to
fertilisation (personal observations), but apparently not for dry
calcareous grasslands.
Dai (2000) recognized three types of species response to dung
deposition in a long-term experiment: negative, positive and
neutral depending on the difference in cover along a transect
across dung pats. He described changes in relative abundance of
species but no establishment of typical vegetation linked to dung
pats. Our observations conﬁrmed this ﬁnding. Only very few new
species appeared and the few new species recorded were common
species of the studied pastures. Moreover, the observed disap-
pearance and appearance of some species between successive
observations can easily be explained by vegetative phenology and
local disturbances. Indeed, the seasonal species turnover observed
far from the dung is also partly due to vegetative phenology
(Kohler et al., 2004b). We cannot exclude that the observer missed
some species at the beginning or the end of their vegetative
development. But the fact that species turnover is lower close to
the dung shows that the stabilizing effect is independent on
seasonality.
5. Conclusion
At landscape scale, cattle have favoured dunging areas,
associated with ruminating activity (Gander et al., 2003; Kohler
et al., 2006). If landscape structures and cattle stocking rate do not
change, the spatial pattern of dung deposition could remain
constant over many decades (Jewell et al., 2007; Gillet, 2008). At
this scale, in areas with high dung pat density, plant species which
react positively to high nutrient soil contentwill bemore abundant
and this pattern may be relatively stable over time. In contrast, at
very ﬁne scale, dung pats are dropped every year in different
locations. These spatial changes create a shiftingmosaic of nutrient
availability and grazing intensity. As suggested by our observa-
tions, plant communities react rapidly to these changes andmicro-
successions may be induced at seasonal scale, especially in
mesotrophic pastures which appear as more susceptible to
compositional changes. These micro-successions are likely to be
temporary and cyclic phenomena affecting vegetation in pasture
ecosystems at ﬁne scale, but could become directional and
propagate to larger scales in certain circumstances, such as change
in local grazing pressure. Therefore, dung deposition, togetherwith
other cattle activities such as selective grazing, could play an
important role in grassland ecosystems by promoting species
turnover and habitat diversity. This highlights the need for further
investigations on the role of large domestic herbivores in
explaining the high plant biodiversity of mountain pastures
(Schla¨pfer et al., 1998) and in enhancing their resilience in the
current context of rapid changes in land use and climate.
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